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Abstract
The CALICE Analogue Hadron CALorimeter (AHCAL) at the International Linear Collider
(ILC) is a high-granularity hadron calorimeter based on scintillator tiles readout by MPPCs.
Toward the construction of ILC, the optimization of the AHCAL granularity is revisited, and we
are studying mixed granularity with larger scintillator tile. We first measured the performance
of 60 × 60 mm2 tile, which is larger than the standard 30 × 30 mm2 tile. The light yield of
60 × 60 mm2 tile was measured to be about a half of that of 30 × 30 mm2 tile, while the
uniformity of the tile response turned out to be very good. Then, a detection layer composed of
144 tiles of 60×60 mm2 was constructed. The detection layer was added to the large technological
prototype of AHCAL composed of 38 detection layers with 30 × 30 mm2 tiles. The detection
layer was successfully tested in test beam experiments at CERN SPS.
1 Introduction
The International Linear Collider (ILC) is
a future electron-positron linear collider with a
center-of-mass energy 250–500 GeV, which is ex-
tendable to 1 TeV. The International Large De-
tector (ILD), one of the two detector concepts
for ILC, consists of a vertex detector, a central
tracker, an EM calorimeter, a hadron calorime-
ter, and a muon detector. ILD adopts the Par-
ticle Flow Algorithm (PFA), which reconstructs
individual particles using the best suited detec-
tors to significantly improve the jet energy reso-
lution. In order to realize PFA, high-granularity
calorimeter is required.
The Analogue Hadron CALorimeter (AH-
CAL) is developed in the framework of the CAL-
ICE collaboration[1]. It consists of 48 layers
(each of which is a combination of a scintil-
lator active layer and a steel or tungsten ab-
sorber layer) with 8 million pieces of scintillator
tiles (30×30×3 mm3 each) readout by a MPPC
(1.3×1.3 mm2). The AHCAL group constructed
a large technological prototype, which consists
of 38 layers. Each layer is based on four HCAL
Base Units (HBUs), each of which has 144 tiles
of 30×30 mm2. It was tested in test beam exper-
iments at CERN SPS.
Toward the construction of ILC, it is neces-
sary to make a more realistic design of the ILD
detector. The granularity of AHCAL is now
revisited. We study mixed granularity config-
urations using different sizes of tiles at differ-
ent layers. In these configurations, the num-
ber of readout channels and ASICs, thus the
cost can be reduced. According to a previous
study[2], 30×30 mm2 tiles can be replaced with
60×60 mm2 tiles up to latter half of the lay-
ers without significant performance degradation.
However, the performance of tiles larger than
30×30 mm2 has not ever been tested.
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2 Performance of 60×60 mm2
tile
We examined the amount and uniformity of
the light yield with a prototype of 60×60 mm2
tile. The light yield was measured to be 18.2 p.e.
on average as shown in Figure 1, which is about
50% of that of 30×30 mm2 tile (43 p.e.). This
light yield degradation can easily be recovered by
using MPPCs with larger sensitive area. On the
other hand, it was found that the 60×60 mm2
tile has an excellent uniformity in tile response.
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Single Tile Performance
Larger tile is technically more difficult in terms of lower 
light collection efficiency. 
Light yield measurement with single tile 
Light yield : (60×60mm2) 18.2 p.e.   (30×30mm2) 43.1 
p.e. 
Excellent uniformity in tile response at 60×60mm2 tile 
➡We decided to construct detection layer with special 
HBUs with 60mm tiles instead of default 30mm tiles.
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Figure 1: Light yields of 30×30 mm2 (left) and
60×60 mm2 (right) tiles
3 Construction of detection
layer with 60×60 mm2 tiles
We constructed a detection layer with
60×60 mm2 tiles instead of standard 30×30 mm2
tiles. The MPPC sensor size is 2×2 mm2 in-
stead of 1.3×1.3 mm2 as used for the standard
30×30 mm2 tile to compensate. Hamamatsu
Photonics produced a custom MPPC with an
active area of 2×2 mm2, which is a discrete
array of four pieces of TSV MPPC (S13615-
1025, 1×1 mm2). Scintillator tiles were pro-
duced by injection moulding, which is suitable
for large scale production. The light yield of this
polystyrene-based scintillator used for the tiles
is 70% of that of commercial PVT scintillator.
Four HBUs with 144 pieces of 60×60 mm2 tiles
in total were assembled as shown in Figure 2.
Figure 2: Completed detection layer with
60×60 mm2 tiles. Readout electronics side (left)
and scintillator tile side (right).
4 Installation to large proto-
type
The completed layer was installed into the
large prototype as the 38th layer. Almost all
of the configurations were set to be the same
as standard layers, but the over voltage of the
2×2 mm2 MPPCs were set to be lower than the
standard 1.3×1.3 mm2 MPPCs to mitigate pos-
sible saturations due to the higher hit multiplic-
ity. The peaks of photoelectrons were still clearly
resolved even with the lower over voltage. In or-
der to evaluate the performance, our module was
tested with muon, electron and pion beam at the
CERN SPS.
Our module worked quite well in the beam
tests. Figure 3 shows the measured light yield
for muon as MIP, as the values relative to the
average light yield for 30×30 mm2 tile. Our mod-
ule has slightly higher MIP light yield than the
standard modules.
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Figure 3: The relative MIP light yield for
60×60 mm2 tiles. X and Y axes shows the chan-
nel indices.
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5 Saturation
There are two possible types of saturation;
one for electronics and the other for MPPC.
The current electronics are optimized for 1.3 ×
1.3 mm2 MPPCs and 30× 30mm2 tiles, so satu-
ration of MPPC and ADC would be an issue for
60× 60 mm2 tiles. The 2× 2 mm2 MPPCs have
6,400 pixels, while the 1.3 × 1.3 mm2 MPPCs
have 2,700 pixels. The number of photoelectrons
per MIP is the same, but the hit multiplicity can
be four times higher because of the larger size.
Hence, the MPPCs could be saturated more fre-
quently at the 60 × 60 mm2 tiles. SPIROC2E,
the ASIC on HBUs has high gain and low gain
preamplifiers, and 12 bit ADC. A small signal
is amplified at high gain, and a large signal is
amplified at low gain. If the signal exceeds the
maximum ADC counts (4,095), ADC saturation
occurs and the output is set to 0.
The MPPC and ADC saturations were ob-
served only for the highest energy pions of
350 GeV, as shown in Figure 4. The ADCs
are saturated only for 0.08% of tile hits. The
bump at 3500–4500 ADC counts is caused by the
MPPC saturation. However, it should be noted
that 350 GeV is much higher than the energy
expected at the real experiment with
√
s=250–
500 GeV. Therefore, these saturations would not
be an issue.
Figure 4: ADC distribution of 60×60 mm2 tile
module (left) and standard module (right) for
350 GeV pion.
6 Summary
As a part of granularity optimization, the
mixed granularity configurations with larger
scintillator tiles for outer layers of AHCAL look
a viable option for cost reduction. The perfor-
mance of 60×60 mm2 tiles in terms of light yield
and uniformity were demonstrated to be good
enough to be used, so we constructed a detec-
tion layer with 60×60 mm2 tiles. It was installed
into the AHCAL large prototype at beam test
at CERN SPS. It worked quite well with suf-
ficient light yield. Slight saturations for ADC
and MPPC were observed only at 350GeV pion,
which is beyond the expected energy of particles
at
√
s=250–500 GeV ILC.
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